Abstract-The G protein-coupled receptor kinase 4 is involved in renal sodium handling and blood pressure regulation.
R enal sodium reabsorption represents one of the key mechanisms by which the kidney regulates blood pressure. In renal proximal tubule cells, G protein-coupled dopamine 1-like receptors (DRD1 and DRD5) modulate, on stimulation by dopamine, renal sodium handling by influencing the activities of the Na ϩ /K ϩ -ATPase, the Na ϩ /HCO 3 -cotransporter, the Na ϩ /phosphate-cotransporter, and the Na ϩ /H ϩ -exchanger 3. 1 These inhibitory actions of D1-like receptors are predominantly transduced by elevation of intracellular cAMP and subsequent activation of protein kinase A, which, in turn, reduces the activity of the basolateral Na ϩ / K ϩ -ATPase by phosphorylation. 2 Thus, dopamine, via D1-like receptors, displays potent antihypertensive actions through natriuretic and diuretic effects. 3 A family of G protein-coupled receptor kinases (GRKs; serine/threonine protein kinases) is involved in the intracellular regulation of these G protein-coupled receptors. Phosphorylation of the activated G protein-coupled receptor by GRKs leads to desensitization and thereby regulates their signal-transducing performance via G proteins. The GRK family contains 7 members, which are divided into 3 subfamilies: the rhodopsin kinase subfamily (GRK1 and GRK7), the ␤-adrenergic receptor kinase subfamily (GRK2 and GRK3), and the GRK4 subfamily (GRK4, GRK5, and GRK6). 4 GRKs are ubiquitously expressed, but GRK1 and GRK7 are found almost exclusively in the retina. GRK4 is highly expressed in testis and to lower levels in other tissues, including kidney, brain, and bone. 5 Within the GRK4 transcripts, Premont et al 6 identified 4 splice variants, which contain all exons (GRK4␣), lack exon 2 (GRK4␤), lack exon 15 (GRK4␥), or lack both (GRK4␦). The GRK4 gene locus is embedded in a gene cluster region on chromosome 4p16, including genes encoding dopamine receptor (DRD) type 5 and ␣-adducin, and has been associated with hypertension. 7, 8 In the present analysis, we scanned 94 hypertensive white subjects for genetic variation in the 5Ј-flanking and entire coding region of GRK4. Because the molecular basis of GRK4 transcription control is unknown, we characterized its regulatory region by performing detailed functional analyses with deletion constructs of the 5Ј-flanking region. We also assessed allele-specific transcriptional activities and differential DNA-protein interactions in the human embryonic kidney cell line HEK293T, African monkey fibroblast-like kidney cell line COS7, and osteoblast-like osteosarcoma cell line SaOs-2 under relevant kinetic stimulatory regimes.
Methods

Screening of the GRK4 Gene
Genomic DNA of 94 hypertensive individuals was screened for genetic variants by PCR/single strand conformation polymorphism (SSCP) sequencing. Positions of the detected variants were assigned corresponding to the transcription start site (TSS) defined in Accession No. NM182982. For details, see http:// hyper.ahajournals.org.
In Silico Analyses of Putative Transcription Factor Binding Site
A portion of 60 bp (30 bp flanking either side of the respective genetic variant) was subjected to computer-aided analyses using the Alibaba2.1 net-based transcription factor binding site (TFBS) search tool (http://www.gene-regulation.com/pub/databases.html) 9 and the Transfac 7.0 database. For sequence analyses, all of the parameter settings were individually tested, and the recommended settings were found most efficient. For Gϩ2T and C-1702T, the setting of "pairsim to known sites" was set to 36, and the "minimum matrix conservation" was set to 70%.
Construction of Reporter Gene Vectors and Site-Directed Mutagenesis
Promoter constructs were generated by PCR for the full-length and deletion constructs. For primer positions and cloning details see at http://hyper.ahajournals.org. Constructs were linked to the luciferase gene in the promoterless vector pGL3basic (Promega). Genetic variants C-1702T (H5), G-1436C (H4), Gϩ2T (H3), and Gϩ268C (H2) were introduced by QuikChange site-directed mutagenesis (Stratagene).
Transient Transfection Assays
HEK293T, COS7, and SaOs-2 cells were transfected with Lipofectamine 2000 (Invitrogen), luciferase activity was determined using a Sirius single-tube luminometer (Berthold Detection Systems). For details on stimulation assays and cotransfections, please see http://hyper. ahajournals.org. Transfection experiments were repeated Ն3 times in triplicate. Significance was calculated by unpaired, 2-tailed t test (95% CI); the significance levels were set at PϽ0.05.
Electrophoretic Mobility Shift Assay and Supershift Assay
Nuclear proteins from HEK293T and COS7 cells were extracted by a modified procedure of the protocol published by Schreiber et al. 10 For the expanded Methods section see http://hyper.ahajournals.org.
For supershift assays, the electrophoretic mobility shift assay (EMSA) protocol was extended by 15 minutes of incubation with 2 g of specific antibodies against members of CCAAT/enhancerbinding protein (C/EBP) family: anti-C/EBP␣ (14AA), anti-C/EBP␤ (C-19), and anti-C/EBP␦ (C-22) antibodies (Santa Cruz Biotechnology).
Isolation of Total RNA and Generation of cDNA for Detecting Endogenous GRK4 Expression
Total RNA was extracted by TRIzol reagent (Invitrogen). Generation of cDNA was performed with a First Strand cDNA Synthesis kit (Fermentas) and amplified with specific primers. Intactness and purity of cDNA were routinely controlled by diagnostic PCR for human ribosomal protein 27.
Results
Identification of Genetic Variants in the Human GRK4 Gene
We detected 20 genetic variants, 4 of which were located within the defined 5Ј-flanking region, 3 within the 5Ј- untranslated region (UTR), 8 in exon-flanking intron regions, and 5 within coding regions (the Table) . The variants C-1702T, G-1436C, Ϫ943delA, Cϩ8A (intron 1), Gϩ54A (intron 12), and G-17A (intron 15) have not yet been published. To identify regulatory sequences and to characterize the variant GRK4 promoter, we exclusively analyzed the variants in the 5Ј-flanking region ( Figure 1A ). T-955A and Ϫ943delA were flanking a poly-A stretch (nϭ12) and were, thus, excluded from further experiments.
We assessed endogenous expression of GRK4, DRD1, and C/EBP family members (␣, ␤, and ␦) in our cell lines under basal (without stimulation) and stimulatory conditions (10 Ϫ8 mol/L PMA/cAMP) by diagnostic PCR ( Figure 1B) . The moderate expressions of GRK4 in SaOs-2 (data not shown) were confirmed by gradient and nested PCR ( Figure 1B , black box).
Transcriptional Activity Is Cell-Type Specific and Altered by the Presence of Genetic Variants
Transient transfection experiments revealed that 1851 bp of the 5Ј-flanking region of the GRK4 gene were sufficient for high transcriptional activity in all of the cell lines tested (H1 in Figure 2A through 2C). Molecular variants H2-H5 were used in the context of the full-length promoter construct to investigate their effect on transcriptional activity. In HEK293T cells, the proximal ϩ268C (H2) allele showed slightly lower transcriptional activity compared with the wild-type H1, but this difference was not statistically significant (Pϭ0.3019). Transcriptional activity of the distal Ϫ1436C (H4) allele was significantly reduced (Pϭ0.0061), whereas more drastic effects were observed for the ϩ2T (H3) and Ϫ1702T (H5) alleles, showing almost abrogated transcriptional activities (both PϽ0.0001 compared with the wild Deletion constructs type). These same results were obtained in COS7 cells ( Figure 2B ), except that the transcriptional activity of the H2 construct was significantly more active compared with the wild type (Pϭ0.0037). In nonrenal SaOs-2 cells, similar results as in COS7 cells were obtained ( Figure 2C ).
The amount of transcriptional activities in relation to the wild-type p1851-GRK4-H1 is depicted in Figure 2D , with transcriptional activity of H1 set to 100%. In HEK293T cells, H2 showed slightly lower activities (94%), whereas in COS7 and SaOs-2 cells, the activities were higher (155% and 124%, respectively).
G؉268C Variant Displays Time-and Stimulatory-Dependent Usage of the Promoter in PMA Kinetic Analyses
Kinetic stimulatory influences of PMA on GRK4 transcription were tested over a period of 24 hours by transient transfections in renal cell lines. HEK293T cells, stimulated with 10 Ϫ8 M PMA, showed increased transcriptional activities, except for H3 and H5, which were rather silent and responded to stimulation only with a slight activity increase after 24 hours ( Figure 3A ). Wild-type H1 and construct H2 (ϩ268C) showed the highest transcription levels with slight increases for H2 after 6 hours, which was repeatedly observed but failed to reach significance. In contrast, the stimulation consequences in COS7 cells differed noticeably ( Figure 3B ). After a slight transient increase (2 hours; except H2), transcriptional activities decreased, observed for all of the constructs over the 24-hour period. The H3 and H5 constructs again responded rather unaffected to stimulation, whereas H2 showed higher transcription efficiencies compared with wild type. This effect, repeatedly observed at nonsignificant levels in embryonic HEK293T cells, was robust in fully developed COS7 cells.
Genetic Variants Alter the Interactions of the GRK4 Promoter With Nuclear Proteins From Renal Cell Lines Allele Specifically and Cell-Type Dependently
In EMSA experiments, nuclear proteins from renal HEK293T and COS7 cells interacted allele specifically, resulting in different protein binding patterns. In HEK293T, but not in COS7, the ϩ268C allele was bound by an additional protein ( Figure 4A , top left asterisk arrow), which was in accordance with the differences in transfection experiments. Indeed, an in silico analysis for putative transcription factor (TF) bindings indicated nuclear respiratory factor-1 as specific for the ϩ268C allele. A loss of protein binding occurred with the ϩ2T allele in HEK293T ( Figure 4B , top left asterisk arrow) but not in COS7, indicating cell-and allele-specific differences, although reporter assays led to similar results in both cell lines. In silico analysis of this region predicted an additional putative binding site for Oct-1 in the presence of the T allele.
For G-1436C, we identified different binding patterns in both cell lines with a C allele-specific competition in HEK293T cells ( Figure 4C , left asterisk arrow). In COS7 cells, we identified 2 specific bindings with specific competition patterns for both alleles ( Figure 4C , right arrows), and, congruently, loss of the Oct-1 site was predicted in silico. These complex results indicate that GRK4 promoter portions are bound by several factors and that the presence of different alleles alters the nuclear protein interactions, dependent on the cell type.
Transcriptional Abrogation by Truncation of Distal Promoter Portions From the Full Length Construct
We demonstrated, across all of the cell lines tested, that a portion of 1851 bp of the human GRK4 promoter region is strongly transcriptionally active. In HEK293T, truncated constructs did not attain efficiency of the full-length construct p1851-GRK4-H1 and showed lower activities ( Figure 5A ). The 293-nucleotide shorter p1558-GRK4-H1 construct showed a strong reduction of transcriptional activity but still displayed residual activity compared with the shuttle vector (PϽ0.0001). Removal of an additional 429 bp in p1129-GRK4-H1 led to a further significant reduction in performance compared with p1558-GRK4-H1 (Pϭ0.0015); and for p813-GRK4-H1, transcription was completely abrogated compared with p1851-GRK4-H1 (PϽ0.0001). The p72-GRK4-H1 construct showed similar reductions in transcriptional activity as p1558-GRK4-H1. Only p180-GRK4-H1 and p6-GRK4-H1 were able to partly restore the activity of the fulllength construct to 61% and 45%, respectively ( Figure 5D ).
In COS7 cells, the activities of all of the deletion constructs were similar to HEK293T ( Figure 5B ). Only the p180-GRK4-H1 construct was able to reconstitute the transcriptional activity, whereas the truncations in all of the other constructs led to strong reductions of transcriptional activities, even in the p6-GRK4-H1 construct. In SaOs-2 cells ( Figure 5C ), the transcriptional activity of deletion constructs was comparable to that found in renal cells. The amount of transcriptional activities in relation to the full-length construct (p1851-GRK4-H1 was set 100% transcriptional activity) is presented in Figure 5D . Irrespective of differentiation and cell type, regulatory regions seemed to be identically distributed in all of the tested cell lines.
Specific Interactions of the Distal Promoter Region With Nuclear Proteins Are Responsible for Differences in Transcriptional Activities
The p1558-GRK4-H1 deletion construct, which lacks the first 293 bp of the full-length construct, showed prominent decreases in transcriptional activity in all of the cell lines ( Figure 5A through 5C). Overlapping fragments (A, B, and C) covering this section were designed with fragment B bearing the C-1702T transition ( Figure 4E ). EMSA experiments using these fragments with HEK293T nuclear extracts showed a specific DNA binding, exclusively within the distal fragment A. The overlapping sequences of these fragments revealed that binding was restricted to the most distal 60 bp of the full-length construct, analyses with COS7 nuclear extracts revealing the same results (data not shown). Because a specific shift was lacking in fragment B, we reanalyzed the C-1702T site with specific oligos. The resulting allelespecific protein bindings were identical in both cell lines ( Figure 4D , top asterisk arrows), congruent with the transfection results, presented by the H5 construct (Figure 2A through  2D) . In good accordance with that, the further Alibaba2.1 analysis of the sequence surrounding the variant revealed a HEK293T cells (A) , all of the constructs were activated after an initial slight decrease after 2 hours. Conversely, in COS7 cells (B) a slight increase was seen after 2 hours, followed by reduced transcription of all of the constructs. Significances are referred to as H1 and H2 in both cell lines (ns indicates not significant; *PϽ0.05; **PϽ0.01; ***PϽ0.001).
consensus half-site for a glucocorticoid receptor (GR) as an additional TF specific to the T allele.
In silico analyses of the distal promoter sequence of fragment A (60 bp) predicted a clustered site, containing 3 sites for the C/EBP transcription factor family ( Figure 4E ). 11 Other factors within this cluster are Oct-1 12 and neural retina leucine zipper protein. 13 
Cotransfections Support the DifferentiationDependent Usage of the GRK4 Promoter
To verify the results of the net-based analyses of the distal GRK4 promoter region and to characterize potential TFs, supershift experiments and cotransfections were carried out, targeting C/EBP family members. Although supershift analyses failed to show specific binding of C/EBP␣, C/EBP␤, or C/EBP␦ in HEK293T or COS7 cells (data not shown), cotransfection experiments in HEK293T ( Figure 6A ) exposed either p1851-GRK4-H1 or p1558-GRK4-H1 to overexpressed (exogenous) C/EBP␣, C/EBP␤, or C/EBP␦. The transactivators C/EBP␣ and C/EBP␦ led to a significant activation of p1851-GRK4-H1, with C/EBP␦ being the more potent factor (PϽ0.0001) and p1558-GRK4-H1 being similarly activated but to a lesser extent compared with p1851-GRK4-H1. Overexpression of C/EBP␤ resulted in a modest activation only of p1851-GRK4-H1. In COS7 cells ( Figure  6B ), opposite results were observed. A significant reduction of p1851-GRK4-H1 with the most potent factor C/EBP␦ was shown. The reduction of p1558-GRK4-H1 was much stronger and led to almost complete abrogation in transcription with C/EBP␦. The overexpression of C/EBP␤ failed to reach significance for p1558-GRK4-H1.
Discussion
In the present study, we (1) identified 20 genetic variants within the 5Ј-flanking and coding regions of the human GRK4 gene, 6 of which were newly detected, C-1702T, G-1436C, Ϫ943delA, Cϩ8A (intron 1), Gϩ54A (intron 12), and G-17A (intron 15), (2) and identified relevant functional sequences for transcriptional regulation (3) and analyzed the transcriptional consequences of 5Ј-flanking variants. GRK4 plays an important role in the renal dopaminergic system. 1 Phosphorylation of the activated DRD1 results in its desen- sitization and inactivation, which leads to impaired urinary sodium excretion. 4 Felder et al 4 reported that the nonsynonymous variant GRK4␥ A142V was associated with human essential hypertension, resulting in an increase in GRK4 kinase activity, leading to an increased DRD1 receptor phosphorylation. According to these findings, Sanada et al 3 reported that renal GRK4 suppression lowered blood pressure in spontaneously hypertensive rats. Indeed, the human chromosome 4p16 locus, in which the GRK4 and ␣-adducin genes reside, has convincingly been linked to essential hypertension. 7 To the best of our knowledge, no studies have yet characterized the molecular basis of GRK4 promoter regulation. Therefore, we focused on promoter analyses in the context of a 2125 bp GRK4 promoter portion and, in addition, a series of truncated promoter constructs was generated for both the identification and characterization of regulatory elements. The GRK4 2125 bp promoter portion, containing 1851 bp of the 5Ј-flanking region and 275 bp of the 5Ј-UTR, was identified as highly sufficiently active across tested cell lines, including the embryonic HEK293T, the differentiated COS7, and the nonrenal SaOs-2. Transcriptional activities measured by reporter gene assays underlie 2 main regulating features: the transcription effects depending on the assembly of the initiation complex at the TSS and the variances in transcript stability. 14, 15 Cisregulatory elements are responsible for directing the transcription in combination with the core promoter to define specific expression patterns. 16 Genetic variants within these regulatory regions may alter gene transcription and expression patterns by affecting the consensus sites of TF and influencing DNA binding affinity.
Our observed differentiation-and tissue-independent promoter activity is congruent with the reported expression of GRK4. Its physiological impact might, therefore, critically depend on its protein level and kinase activity. Cell stimulation induces several signal transduction pathways, which, in turn, activate further processes within the cell, among others the appropriation/activation of TF. Stimulation with the phorbolester PMA leads to an activation of the protein kinase C, which regulates GRK4 via phosphorylation. GRK2 phosphorylation by protein kinase C leads to an increase in kinase activity, whereas a kinase inhibition by protein kinase C phosphorylation is reported for GRK5, 17 belonging to the same subfamily as GRK4. Our results on PMA stimulation in COS7 cells suggest the occurrence of a feedback mechanism between the amount of phosphorylated GRK4 protein and its gene transcription. Indeed, after a slight and short-timed activation of 2 hours, the transcriptional activities were downregulated, whereas the increasing levels observed in HEK293T may be a differentiation-dependent consequence. Moreover, our stimulation kinetics revealed that carrying the ϩ268C allele enables factors to interfere with GRK4 transcription and expression, which probably do not interact with the wild-type sequence, and might result in reduced kinase levels and activities as exerted by the wild-type promoter in vivo. EMSA experiments revealed a C allele-specific shift in COS7 cells, indicating an additional protein interaction. In silico analysis predicted putative overlapping binding sites for Krox-20, Sp1, and, in case of the C allele, the nuclear respiratory factor-1. Krox-20 is a segment-specific mammalian TF in drosophila with the early growth response factor 2 as the human homolog, and Sp1 is a known transactivating factor in TATA-less promoters. Nuclear respiratory factor-1, a factor binding predominantly to antioxidant response elements of genes in mitochondria, 18 is an unlikely candidate for renal GRK4 transcription. Our EMSA experiments provided cell-and allele-specific binding patterns for Gϩ2T, which is located adjacent to the declared TSS. This sequence portion was bound by 2 different proteins or protein complexes in both HEK293T and COS7 cells. Appropriation of the wildtype sequence resulted in formation of a third protein complex exclusively with HEK293T nuclear extracts. This additional shift was not observed for the variant sequence in HEK293T or COS7 cells and could not be predicted by Alibaba2.1 analysis. A putative consensus site for the YingYang factor was predicted for either allele. This ubiquitous, conserved, and multifunctional zinc-finger TF is able to bind to initiator elements and can directly interact with TFIIB and RNA-polymerase II. 19 Dependent on interactions with other factors, Ying-Yang factor can repress or activate transcription, a mechanism that may be proposed for the GRK4 promoter, including the potential participation of Oct-1 in the presence of the T allele. With respect to the G-1436C site, EMSA experiments revealed distinct binding patterns for renal cell lines. Alibaba2.1 predicted a loss of TFBS for Oct-1 (acting as a positive or negative regulator of gene transcription and DNA replication) 20 for the C allele-carrying promoter. The putative loss of an Oct-1 TFBS may explain the slight reductions in transcriptional activities for the Ϫ1436C allele. Promoters lacking the TATA box often contain a pyrimidine-rich initiator-site instead of defined TSS, GC-rich sequences as binding sites for the transcriptional activator Sp1 and further downstream promoter elements. [21] [22] [23] The GRK4 promoter is a TATA-less promoter, with different TSS (DN989618, DN991358, N95025, and BI715205), confirming pyrimidine-rich initiator-site and downstream promoter element sequences at the beginning and within exon 1 as essential for the assembly machinery and transcription by presenting the core promoter. The core promoter is a minimum region required for docking the transcription machinery and initiation of basal transcription. The relatively high transcription efficiencies of the truncated promoter construct p6-GRK4-H1, which contains only the 5Ј-UTR, strongly indicated the potency of this minimal promoter in all 3 of the cell systems, showing that the 5Ј-UTR alone is sufficient for basal transcriptional activity. A drastic transcriptional abrogation provided by the most distal deletion construct indicated that this portion contains enhancer elements, being important for GRK4 transcription. In silico programs revealed several TFBSs, especially for this portion, and a cluster of the C/EBP TF family was predicted, whose members are involved in cell differentiation and functions of different tissues, acting through homodimerization or heterodimerization. 11 Although all 6 of the C/EBP isoforms (␣ through ) contain a transactivation domain, these basic region leucine zipper proteins can have inhibitory functions as well, depending on dimerization, leading to a reduced DNA-binding affinity of bound proteins. The possibility of being expressed either as a transcriptional activator (liverenriched activatory protein) or as a transcriptional repressor (liver-enriched inhibitory protein) is specific for C/EBP␤. 24 EMSA experiments of the first truncated portion showed a specific protein binding site for the distal 60 bp, confirming the in silico analysis. Participation of C/EBP family members was unambiguously demonstrated in cotransfections, showing that each C/EBP protein (␣, -␤, or -␦) regulates GRK4 promoter activity differentially and that the C/EBP␣, -␤, or -␦ factor binding differs between the 2 renal cell lines in opposite directions. The cell type-specific participation of C/EBP family members indicated that the GRK4 promoter usage depends on the differentiation state of the given cell line and the appropriation of its proteins being able to take part in transcription processes. Within the sensitivity limitations of the supershift analyses, we were unable to identify an interaction of a specific factor of the C/EBP family. However, in cotransfection experiments, we identified C/EBP␦ as the most potent activator in HEK293T and inhibitor in COS7 cells. The importance of this promoter portion for GRK4 transcription was further substantiated by specific EMSA analyses of the distal C-1702T variant, which was not observed within the complex fragment B containing this variant. This apparent contradiction between the functionality of the C-1702T variant in reporter gene assays and the missing binding of nuclear proteins in fragment B may be due to limitations of the EMSA method. Functional assays with p1851-GRK4-H5 indicated that the binding of the distal 60 bp of fragment A is a prerequisite for recruiting further factors to the Ϫ1702T allele-carrying promoter. The binding pattern of the specific EMSA analysis for this variant underlines the decreased transfection results in both cell lines. Inserting the T allele, a putative TFBS for a GR half-site was predicted by in silico analysis. These hexanucleotide halves (TGTYCT) are normally arranged as inverted repeats for a head-to-head binding of receptor dimers. The methyl group of thymine at position 3 is able to interact hydrophobically with the receptor and is present in the Ϫ1702T allele. 25 After ligand (eg, glucocorticoid) activation in cytoplasm, 26 the monomeric GR␣ is able to translocate to the nucleus, where the receptor dimerization occurs only after DNA binding to glucocorticoid response elements. The resulting transcriptional modulation can either be active or repressive for the target gene. Le et al 27 reported that GR interacts with other TFs, such as C/EBP␤, Ying-Yang factor, and Oct-1, through adjacent binding sites. Indeed, the in silico analysis predicted a C/EBP TF site independent of the variation, making it possible that monomeric GR␣ may compete or interact with a C/EBP family member at this consensus site in case of the variant GRK4 promoter, resulting in decreased transcription. In both analyzed cases, the deletion and the variance of this distal promoter portion, drastically reduced transcription efficiencies were observed, indicating this sequence as pivotal for GRK4 transcription.
In conclusion, we functionally characterized the GRK4 promoter and performed differential allelic analyses on the basis of newly identified promoter variations. Although ϩ268C enhanced GRK4 transcriptional activities, Ϫ1702T, Ϫ1436C, and ϩ2T displayed a transcriptionally decreasing effect. The identified regulatory regions in the GRK4 promoter were independent of cell type and differentiation state, whereas DNA-protein interactions involving C/EBP family members were differentiation dependent.
Perspectives
Additional experiments should help unravel more specifically the complex DNA-protein and protein-protein interaction patterns at the GRK4 promoter to understand its interindividually different transcriptional and expression capacities. These mechanisms suggest a molecular basis for and play a role in renal sodium handling and blood pressure regulation by affecting the expression balance of renal GRK4. 
